Abstract. This paper proposes a model named Independent Component Analysis with Reference Curve (ICARC) to extract and remove artifact signal from Electroencephalogram (EEG). Firstly, an additional requirement and a priori information are introduced directly into the contrast function of the traditional ICA model. Then, an augmented Lagrangian function is formed based on this new model. Finally, the iterative solution is calculated by using the Newton iterative method. The simulations and experiments are implemented to indicate the performance of our model comparing with other method. The results show that: 1) more stable results are given by our model; 2) higher precision is obtained in the results by the ICARC model.
Introduction
The electroencephalogram (EEG) is a useful diagnostic signal for the clinical conditions [1] , but with problem in reading and analyzing due to the artefacts such as eye blinking, eye movement and heartbeat [2] . It is difficult to reduce these artifacts by the traditional filtering methods due to their high amplitude and overlapping frequency band with the EEG signal [3] . The regression-based methods [4] and adaptive filtering methods [5] can reduce artifacts, but the measurement of reference channels is not always available. The Principal component Analysis (PCA) method decomposes the raw EEG signal to components, and reconstructs the clean EEG by eliminating the artifact components [6] . But the assumption that the components are algebraically orthogonal is difficult to be fulfilled. The Independent Component Analysis (ICA) is applied in the EEG decomposition, but with two major insufficiencies: 1) the noise and artifacts bring too many useless components; 2) the noise or artifacts components need to be identified by other methods. By introducing a priori information to the ICA model, a method named constrained independent component analysis (cICA) model is proposed in literature [8] . Later, the paper [9] proposes an improved cICA method to obtain more accurate results. However, the results of the cICA model vary among different implementations. This paper proposes a method named ICA constrained by Reference Curve (ICARC) to overcome the drawbacks of the cICA model.
The principle of the ICARC model
The classical ICA model can be expressed as the following linear relationship: 
; w D is called whiten matrix [10] . Based on the principle of the ICA model, the ICARC model is proposed as
where, b is the vector wanted; r is the reference curve for i s in equation (1); x  represents all the column vector in X  ; ( ) G � is a nonlinear function [10] . According to the Karush-Kuhn-Tucher (KKT) condition [11] , the Lagrangian function for equation (3) is given as
where, β is the Lagrange multiplier. The solution of b should satisfy following requirement.
where, ( ) g � is the derivative of ( ) G � ; t is the maximum sample point; j r represents the jth element of r . In order to solve equation (5), its Jacobian matrix is calculated firstly as
where,
The iterative solution can be obtained by equation (7) by using Newton iteration method [12] .
Because the denominator is a scalar, equation (7) can be replaced by
With the optimal value * b , a signal according to the reference curve r will be given by [ ] 
where, clc X represents the clean EEG data set; ( , )
T i ρ x y is the correlation coefficient operator. Figure 1 (a) gives the four synthetic signals. Figure 1 (a) gives the mixed data set. Figure 1 (c) gives the reference signals, which are obtained from the sign of the four original sources. Four signals are extracted by the ICARC and cICA model for 10 times respectively, the results are list in table 1. From the results we can see:
Simulations, experiments and discussions
1) The results given by the ICARC model are consistent among the 10 times, but the results given by the cICA model are not. All the errors given by the ICARC model are much smaller.
2) The time used by the ICARC model is much less than that by the cICA model. Table 2 . From the results we can see:
1) The time used by the ICARC model for every artifact extraction is much less.
2) The time and step used by the ICARC model is more stable than that by the cICA model.
3) The errors between the individual curve and the mean curve of the ten experiments are small. 
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